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We know that:
e The maximum moment occurs at a point of zero shears.

e For beams loaded with concentrated loads, the point of
zero shears usually occurs under a concentrated load
and so the maximum moment.

e Beams and girders such as in a bridge or an overhead
crane are subject to moving concentrated loads, which
are at fixed distance with each other.

e The problem here is to determine the moment under
each load when each load is in a position to cause a
maximum moment. The largest value of these moments
governs the design of the beam.



Single Moving Load:

The maximum moment occurs when the load is at the midspan
and the maximum shear occurs when the load is very near the
support (usually assumed to lie over the support).



- TWO-MOVING LOADS—

1

(PL-P,d)*

Muax =
4PL

For two moving loads, the maximum shear occurs at
the reaction when the larger load is over that support.
The max moment is given as above.

Where Ps is the smaller load, Pb is the bigger load, and
P is the total load (P = Ps + Pb).



Three moving toad —

In general, the bending moment under a particular load is a
maximum when the center of the beam is midway between that
load and the resultant of all the loads then on the span.

With this rule, we compute the maximum moment under each
load, and use the biggest of the moments for the design.
Usually, the biggest of these moments occurs under the biggest

load.

The maximum shear occurs at the reaction where the resultant
load is nearest. Usually, it happens if the biggest load is over
that support and as many a possible of the remaining loads are
still on the span.

In determining the largest moment and shear, it is sometimes
necessary to check the condition when the bigger loads are on
the span and the rest of the smaller loads are outside.



% Problem 453 A truck with axle loads of 40 kN and 60 kN
on a wheel base of 5 m rolls across a 10-m span. Compute

the maximum bending m
shearing force.

R =40+ 60=100 kN

xR = 40(5)
° x=200/R
Solution: i It
x=2m

For maximum moment under 40 k

2Mpg. =0
R = 100 kN
40 kN 60 kN 10R; = 3.5(100)
r .# Zm -* R1 =30 kN
=2 ! Mo the ekt of s0k0 = 3.5R,
: i-x"ITo the left of 40k = 35{35)
Q:f- 35m 'I;_s n: F 3.5m Rz Moo the left cf 203 = 122.5 kIN-m
i0om ——»
For maximum moment under 60 kN wheel:
R = 100 kN _‘ZMm = 0_
4O0kN b L |sCkN 10R- = 4(100)
r L 1 R: =40 kN
L
L (w Mo the sight of s0 kv = 4R,
4 I : ':"'rITc- the nght of 60 k7T = "11"40’
| 4m T T/ am Ra Moo the sghtcfso ke = 160 kKN-m

|-7 10m -

_-I Thus, Mo = 160 kN-m

R = 100 kN The maximum shear will occur

40 I-N Rl when the 60 kN is over a support.
3m 2m

2Mpey =0
10R. = 100(8)
I 1 R, = SOKN
]
Ry 8m | tR:

Thus, Vagas = 80 kN
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e Cigg; Example:
Problem 455 A tractor weighing 3000 lb, with a wheel
base of 9 ft, carries 1800 1b of its load on the rear
wheels. Compute the maximum moment and
maximum shear when crossing a 14 ft-span.



* Problem 456 Three wheel loads roll as a unit across
// 44-ft span. The loads are P1 =400 ooo |b
separated by 9 ft, and P3 = 6000 1b at 18 ft from P2.

Determine the maximum moment and maximum
shear in the simply supported span.

Solution 456

R = Py + Pa+ P Pquk Py = 8% P, = 6
R = 4% 4+ 8k s + = B
R =18 kips
R = 18,000 1bs Ey—— C=d)—= i@)
XR = 9P+ (9 + 18)Ps bF— < - 187 ————=|
X(AB) = N(E) + (9 + 1E)N(S)
x=—=713 ft = the reswultant IR i= 13 fe fromm P
Maxinmiaon moment aander P,
[ =2 "I M = O
i B PPN Ao o By~ 44R, — 15.5R
r . ; - 1 44R, = 15.5(18)
E C:ﬁ - e R, — 6.34091 kips
&6 . f“"—‘if R, — 6,340.91 1b=
15.5" -} 6.5" 'i - 15.5" ’f Mro e left o P2 — 1L5.5Ra
=a R Mro e lett o 72 = 1.5.5(6340.91)
b a4 - Mo the leftas »1 — 98,284 .1 Ib-ft
Masxinian moment aandes Po
: -| > MMp- =0
Py = a2k F’: = " Ps = 6% 44 R, = 20R
et - 18" 1 44R, — 20(18)
%F‘ = 18" e R, = 8.18182 kips=
= —{J “ﬁ ————(®)) R; — 8,181.82 1bs
20" —! 272 }‘ 20" =f Mo e ettt s 72 — Z20R 3 — 9F;

My e left of P2 20(8,181.32)
e s’ X — 9(4000)
Mo she left s P2 — 127 6364 Tb-£ft
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Marciznmurrmnm moment aunmder 10 kIN

> = 5 1
IORN 20kN 30 kN

= m 5 m
; R = ki
FB.Sm—b-ﬂt—-z.S rn—-n-i —. 5 rn—-i

|< 12 m ‘:!

2ZMg> =0
12R, = 3.59R
12R; = 3.5(60)
12R,; = 210

R; = 12.7 kIN

Mt the left of 10 ke — I.ORy

12R. — 5R
12R, — 5(60)
R; — 25 kN
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5R: — 3(10)
5(25) — 30
95 KkIN-m

AMro the left of 20 ke

Wihen the centerlinre of thve beamn is mmidway bebween
reaction K = 60 kN and 30 kKIN, the 10 kKIN comes off
the span.

x = 3 m

20 kN I 30 kN

| 1 » -
= o
P ™ iy |
L
Ry R gk Ra
I_::_ 12 m =-I

R = 20 + 30
R = 50 kIN

xR = D(30)
x{50) = 150
x = 3 fromomm 20 kKIN

2 Mgy = 0O
12R. = 5K
12R. — 5(50)
Ry = 20.83 kN

SRa
5(20.83)
10417 kN-m

Mo thee ripght of 30 kT

(A

Thus, the maxionuoa moment wwill occur when onlyw

the 20 amnd 30 kKIN loads are on the span.

Mo = MTo&l.eﬂglttcf.BOk:\‘:
A . = 104 17 EcIN -2



——————

The maximmum shear will occur when the three loads
are on the span and the 30 kN load is directly over the

support.

X=5m

12R, = 9R
12R. = 9(60)
R>=45kN

Thus, Vipax = 45 kN



/ Elastic Curve

Before the slope or the displacement at a point on a beam (or shaft) s
determined, it is often helpful to sketch the deflected shape of the beam
when it is loaded, in order ro “visualize ™ anv computed results and therebv
partiallv check these results The deflection curve of the longitudinal axis
that passes through the centroid of each eross-sectional area of a beam is
called the elastc curve. For most beams the elastic curve can be sketched
without much difficuley. When doing so, however, it 1s necessary to Kknow
how the slope or displacement s restricted at vanous tvpes of supports.
In general, supports that resist a force, such as a pin, restrict
displacement, and those that resist a seosreent, such as a fixed wall, restrict
ravcation or stope as well as displacement. With this in mund, two typical
examples of the elastic curves for loaded beams (or shafis), sketched to
an exaggerated scale, are shown in Fig. 121,
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Fig. 12-1
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1. A truck with axle loads of 100 kN and 8o kN on a wheel
base of 6 m rolls across a 15-m span bridge. Compute the
maximum bending moment and the maximum shearing
force.

2. Three wheel loads roll as a unit across a 6o-ft span. The
loads are P1 = 10000 lb and P2 = 15000 Ib separated by 10 ft,
and P3 = 8000 b at 15 ft from P2. Determine the maximum
moment and maximum shear in the simply supported
span.



